imbalance of liver lipid homeostasis and steatohepatitis. The current study examined the Methods: Studies were conducted in C57BL/6
Hypoxia Induces Dysregulation of Lipid

Introduction
Oxygen is crucial to the process of metabolism. A state of hypoxia, or lack of adequate oxygen, activates a variety of complex pathways at both the cellular and organ level to reinstate oxygen homoeostasis. The liver is essential to metabolism, and is extremely sensitive to low-oxygen conditions. Lipid accumulation in the blood vessels and other tissues setting up a hypoxic microenvironment; prolonged hypoxia can promote uncontrolled lipid accumulation [1, 2] . The liver's metabolic functions include lipid biosynthesis, uptake, catabolism, and reverse cholesterol transport. Lipid biosynthesis in the liver is regulated by sterol regulatory element-binding proteins (SREBPs), a family of transcription factors that include the isoforms SREBP-1a, SREBP-1c, and SREBP-2 [3] . SREBP-1a is a potent activator of all SREBP-responsive genes, including those that mediate the synthesis of fatty acids, cholesterol, and triglycerides, whereas SREBP-1c preferentially regulates enzymes of fatty acid synthesis. Fatty acid synthase (FAS) is the principle target of SREBP-1c [4, 5] . SREBP-2 regulates cholesterol biosynthesis and uptake, in particular the low-density lipoprotein receptor (LDLR) [6, 7] . Another target of SREBP-2 is 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase (HMGCR), the rate-limiting step and major control point of de novo cholesterol synthesis [8, 9] .
Other genes important to lipid metabolism in the liver include adipose differentiationrelated protein (ADRP), which participates in fatty acid uptake. Carnitine palmitoyltransferasemitochondrial fatty acid import [5] . Hydroxyacyl-CoA dehydrogenase (HADH) catalyzes the NAD + Cholesterol catabolism involves mainly the biodegradation of cholesterol to bile acids occurring in the hepatocyte endoplasmic reticulum, and begins with the transformation of 7 subfamily A polypeptide 1) [11] [12] [13] . Cholesterol clearance pathways are also mediated by members of the ATP-binding cassette (ABC) transporter family. An example is ABCA1 (ABC subfamily A member 1), which participates in transport of cholesterol in the hepatocyte to lipoprotein receptors and the formation of HDL cholesterol [14, 15] . ABCG5 and ABCG8 (ABC subfamily G members 5 and 8, respectively) regulate the excretion of liver cellular cholesterol into bile [16, 17] .
The hypoxia-inducible factor (HIF) family of transcription factors has a central role in the main pathway associated with hypoxic stress [18, 19] . They participate in tissue adaptive responses to hypoxia by regulating the expression of hypoxia-induced genes. allowing survival within a large range of reduced oxygen concentrations. The HIF family hydrocarbon receptor nuclear translocator]). Mammals possess three HIF isoforms, HIF-1, HIF-2, and HIF-3.
by the Von Hippel-Lindau (VHL) tumor suppressor (Pvhl) catalyzed by oxygen-dependent subunits are stabilized and translocate to the nucleus to activate transcription upon binding to hypoxia response elements located within regulatory elements of HIF-target genes.
Homo sapiens endothelial PAS domain protein 1), HLF (HIF-like factor), HRF (HIF-related factor), or MOP2 (member of PAS superfamily 2), was Considering the controversies surrounding HIFs in lipid metabolism, it is important to understand all of the mechanisms of hypoxia-induced lipid dysregulation and clarify the metabolism under hypoxic conditions in cells of the human hepatoma cell line HepG2, and investigated the molecular processes activated within the cells.
Materials and Methods
C57BL/6 mouse liver ischemia-reperfusion (IR) model
The Ethics Committee of Nanjing Medical University approved this study. Six male C57BL/6 wildMedical University, Nanjing, China. The 6 mice were randomly apportioned to a control group or an pentobarbital. The skin was disinfected with 1% iodine. The incision was mid-abdominal to allow for full liver exposure. For mice in the IR group, blood vessels were clamped with a non-invasive vascular clamp liver was reperfused for 6 h before tissues were harvested. Mice in the control group underwent the same procedure, but with no clamping of the blood vessels. The mice were euthanized by cutting the diaphragm
Cell culture
Cells of the human hepatocellular carcinoma cell line HepG2 were purchased from Shanghai Cell Bank 2 , 5% CO 2 ) or hypoxic (1% O 2 , 5% CO 2 , 94% N 2 and negative control siRNA (siNC) were also obtained from GenePharma (Shanghai, China; Table 2 ).
instructions (Invitrogen, USA). Cells were transfected for 6 h in medium without FBS. After changing to normal culture medium and culturing for 48 h, siRNA and siNC cells in transient transfection were prepared for further experiments. For stable transfection, 1 mg/mL G418 was incubated with cells for 14 d to obtain stable transfected cell lines (shRNA and shNC cells).
Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry
HepG2 cells were collected and homogenized in RIPA buffer. Intracellular triglyceride and free cholesterol were measured by using triglyceride and free cholesterol assay kits (Biovision, USA), in accordance with the kit manuals. Triglyceride and cholesterol levels were normalized to total protein concentrations.
-1 -1 normalized to total protein concentrations. H-cholesterol (Perkin-Elmer, USA) overnight. Before treatment, cells were washed with PBS and equilibrated in media for 2 h. Cells were then and 2 mg/ml fatty acid-free BSA for 24 h. Supernatants were collected, centrifuged to remove cell debris, The equation 2 was applied to calculate the fold changes of gene expression. Data are presented as the mean ± standard deviation for at least three separate experiments. Statistical analysis was performed using the paired 2-tailed Student's t test. A P Results expression increased in hypoxia over time, in vitro reaching a maximum at 24 h of hypoxia. However, there was no change in mRNA levels. in vitro data, we created mouse liver models of ischemic-reperfusion. RNAs and protein was extracted from hepatic tissues as described in Methods. RT-qPCR and in vitro and in vivo and obtained similar results (Fig. 1E, 1F ).
2A).
Cellular Physiology and Biochemistry
Cellular Physiology and Biochemistry (Fig. 3C, 3D ). The increased triglyceride and free cholesterol levels under hypoxic conditions control group.
Expression of ADRP mRNA increased 3.3-fold after 24 h of hypoxia, while mRNA expression was reduced by 45.1% (P levels appeared to be unaffected by hypoxic conditions (Fig. 4C) . HADH enzymatic activity, 4D). 
Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry
In the case of cholesterol accumulation, genes involved in catabolism (ABCA1, , , CYP7A1 23.4%, 4.8%, respectively (Fig. 5A-D) . Unexpectedly, the mRNA expression of genes involved in anabolism (SREBP-2, LDLR, and under hypoxic conditions (Fig. 5E, 5F, 5G ).
examined via RT-qPCR in shRNA cells the key genes responsible for lipid uptake and 
Cellular Physiology and Biochemistry
ADRP mRNA expression was reduced by 33% in the shRNA group under hypoxic conditions (Fig. 6A) . There was no difference in mRNA levels between the two groups under hypoxic conditions, nor in HADH enzymatic activity (Fig. 6B, 6C) . metabolism, we also evaluated by RT-qPCR the expression of key genes involved in cholesterol uptake, de novo synthesis, degradation, and reverse cholesterol transportation. Our data indicated that ABCA1 silenced under hypoxia (P reversed obviously (Fig. 7H) . However, between the shRNA and corresponding shNC group (SREBP-2, , LDLR, CYP7A1, all ; Fig. 7B-G) .
Discussion
Dysregulation of lipid metabolism is increasingly recognized as a risk factor for many metabolic diseases, including nonalcoholic fatty liver disease and cardiovascular disease. Currently it is undecided whether obstructive sleep apnea syndrome affects serum lipids with an obvious decline in expression levels of the key genes in HepG2 cells. The data suggest that hypoxia leads to accumulation of cholesterol via a decrease in biodegradation and reverse transportation. Interestingly, we found that expression of SREBP-2 varied with oxygen concentration, but presented a downward trend under hypoxia. LDLR and , which are downstream of SREBP-2, also showed similar trends. Our data is in disaccord with that of Li et al. [44, 45] who concluded that SREBP-2 signaling, as well as the SREBP-2 target LDLR found that only ABCA1 hypoxic conditions. Furthermore, we validated that the hypoxia related cholesterol excretion .
[46] and Manalo et al. [47] . Endoplasmic reticulum stress may also participate in regulation of lipid metabolism [48] [49] [50] [51] .
in HepG2 cells by decreasing the expression of ADRP, involved in fatty acid uptake, increasing ABCA1 expression and relevant cholesterol excretion. These results suggest a possible and may have implications for the therapeutic treatment of fatty liver and cardiovascular diseases.
